Identifying gas that has leaked from underground storage reservoirs for natural gas can be a difficult problem in areas where bacterially produced methane is common in the ground water. The absence of ethane or heavier hydrocarbons in methane-rich gas is generally interpreted as indicating that the gas was formed by bacteria because methane is the only hydrocarbon produced by bacteria in significant quantities. The data presented in this paper, however, suggest that the presence or absence of hydrocarbons heavier than methane may not be a reliable indicator of gas origin.
absence of hydrocarbons heavier than methane may not be a reliable indicator of gas origin.
Radiocarbon dating of methane can be used to identify bacterially produced gas that was formed from organic materials less than 50, 000 years old. This technique, however, requires relatively large samples and cannot distinguish between storage gas and bacterially produced gas from older materials. Determination of the C '^/C'^ratio of methane is a simpler and more versatile tool for identification of leakage gas. Bacteriogenic Three storage reservoirs have been studied by analyzing samples from the reservoirs and from shallow water wells overlying the reservoirs. At the first reservoir, the 6C'^value of methane from the storage gas was -46 % o • whereas the 6 C value of methane from overlying water wells was about -76 Voo • Radiocarbon dating confirmed that the gas in the water wells had been formed by bacterial decomposition of materials within the glacial drift.
At the second reservoir, the 6C" values of storage-gas samples ranged from -41 to -45°/ oo • Samples from waterwells ranged from -78°/^^off the margin of the reservoir to -41°/^^directly over the reservoir, suggesting an increasing concentration of leakage gas over the reservoir. Although the gas in the reservoir contained approximately 5 percent hydrocarbons heavier than methane, no hydrocarbons heavier than methane were detected in the samples from the water wells.
At the third reservoir studied, leakage gas was being withdrawn from the units overlying the reservoir and reinjected into the reservoir. Samples from several gas wells at various depths had 6C'^values ranging from about -41 to -43°/ o o^n d contained from 5 to 7 percent hydrocarbons heavier than methane. A sample from a water well directly over the reservoir had 6C ' ' = -60°/^^and contained 0.8 percent heavy hydrocarbons. It is estimated that this gas contains from 15 to 40 percent leakage gas and that the remainder is bacterially produced gas.
Although further testing is necessary, isotopic analysis of methane has proven so far to be a reliable technique for differentiating leakage gas from gas produced by bacterial action. (Coleman, , 1977 . Both petrogenic gas and bacteriogenic gas are found dissolved in ground water and as accumulations of free gas.
INTRODUCTION
In Illinois, drift gas occurs in many areas (Meents, 1958 (Meents, , 1960 . Most of this gas is probably bacteriogenic, but some of it may be petrogenic gas that has migrated into the glacial drift.
Most of the gas that occurs in the bedrock, however, is probably petrogenic even though some of the gas in the upper part of the bedrock is bacteriogenic in origin (Coleman, , 1977 .
Besides drift gas and petrogenic gas of local origin, natural gas is piped into the state and is stored in underground reservoirs. This gas is generally of petrogenic origin. Sometimes gas that is stored underground leaks through the caprock of the storage reservoir into the overlying rocks or even all the way to the surface (Buschbach and Bond, 1974) .
The ability to identify such leakage gas and to distinguish between it and local naturally occurring gas is of both economic and environmental significance. This paper presents some of the preliminary results ob- Silverman, 1964 (Coleman, 1977 The remaining samples, from wells in both glacial drift and bedrock, appear to be bacteriogenic in origin.
In fact, some of the samples from wells in bedrock have been shown by radiocarbon dating to be gas that formed in the glacial drift and then migrated into the bedrock with ground water (Coleman, , 1977 (Zartman et al. , 1961 ; Wasserburg et al., 1963; and Stahl and Carey, 1975) (Buschbach and Bond, 1974) . One gas well and two water wells in the shallow bedrock were sampled in this area. Their locations are given in Figure 5 which shows the structure on the St. Peter Sandstone . Figure 7 . The methane from the water wells has an isotopic composition typical of bacteriogenic methane, whereas that in the reservoir has a composition typical of pipeline gas.
Coleman (1977) has shown that the methane from one of these water wells was actually formed in the glacial drift and then carried into the bedrock with ground water.
Chemical and isotopic analyses both support the conclusion that the gas in the water wells sampled at the Crescent City Project is of bacteriogenic origin and is unrelated to the gas in the storage reservoir.
Manlove Project
The Manlove Storage Reservoir in westcentral Champaign County is operated by Peoples Gas Light and Coke Company. Storage was originally attempted in 1961 in a domal structure in the St. Peter Sandstone. However, storage in this unit was discontinued when migration of gas upward into the glacial drift was discovered (Buschbach and Bond, 1974) . Gas is now stored in the Mt. Simon Sandstone.
Seven samples of gas were collected from wells over or near the Manlove Reservoir.
The location of these wells relative to the storage area is shown in Figure 8 . Three of the samples are storage gas, and four are from shallow water wells in the area.
The results of the chemical analyses of the samples are shown in Figure 9 , an idealized cross section through the area. Again, the percentage of hydrocarbons heavier than methane is given. None of the samples from water wells were found to contain heavier hydrocarbons. It would normally be concluded from this information that the gas in the water wells is of bacteriogenic origin and is unrelated to the storage reservoir. The results of the isotopic analyses shown in Figure 10 Well 96-75 in Figure 10 contains gas that has an isotopic composition intermediate between that of the drift gas in the western water wells and that of the leakage gas in the eastern water well. This gas is probably a mixture of gas from these two sources.
The most noteworthy point about these samples is that although the leakage gas in the water wells has not undergone any significant change in isotopic composition, the (Buschbach and Bond, 1974) ; however, leakage from the Galesville Sandstone does occur. To keep this gas from reaching the surface, gas is withdrawn from the units overlying the Galesville Sandstone and reinjected into the deeper units.
The locations of the seven wells sampled from this area are shown in Figure 11 . Six of the samples are from gas wells in the different stratigraphic units, and one is from a shallow water well directly over the reservoir. The percentage of hydrocarbons heavier than methane present in the samples is shown in the cross section in Figure 12 .
In the samples from gas wells, this value ranges from 4.8 to 7.2 percent.
Although there are variations, there do not appear to be any consistent trends, and at least part of the variation may be due to differences in the composition of the injected gas.
The sample from the water well 
